Background-CD44 is a cell surface glycoprotein found on many normal cells, mainly lymphoid and epithelial. Normal cells usually express standard CD44 (CD44-S), whereas malignant tumours may express CD44 variant isoforms (CD44-V). CD44 expression has been described for neural crest derivatives. Characterisation of diVerences in CD44 expression may help in the diagnosis and diVerentiation of distinct adrenal tumours. Aims-To examine CD44 expression in diVerent layers of cortical cortex, in adrenal medulla, and in adrenal tumours. Methods-CD44-S and CD44-V6 expression were studied in 12 cases of adrenal cortical adenoma, 3 of adrenal cortical carcinoma, 10 of pheochromocytoma, and 4 normal adrenal glands. Results-CD44-V6 staining showed cytoplasmic expression in normal adrenal cortex and in cortical adenomas and carcinomas. Pheochromocytomas also showed CD44-V6 expression but in 5 of the 10 cases it was sparse, focal, and sometimes perinuclear. Strong membranous staining for CD44-S was observed in normal adrenal medulla. Analysis of CD44-S expression revealed diVerences between cortical adrenal tumours and pheochromocytomas. Ten of 12 cortical adenomas and 2 of 3 cortical carcinoma cells showed weak to moderate cytoplasmic staining, but all cases of pheochromocytoma had strong membranous staining.
CD44 is a cell surface glycoprotein found on lymphoid and epithelial cells. It is known to mediate interaction with endothelium. This protein has many diVerent forms, which are generated by alternative mRNA splicing and by post-translation modification. 1 Normal cells usually express standard CD44 (CD44-S), while variant forms (CD44-V) may be expressed by malignant tumours. The identification of CD44 isoforms was found to be related to metastatic behaviour in some malignant tumours including those of the colon, 1 2 stomach, 3 and breast. 4 CD44-V6 was found to be a good marker for prognosis in breast cancer, 4 and is expressed in advanced stages of colorectal carcinoma. 2 The adrenal gland is composed of two diVerent endocrine organs: the cortex, which originates in the mesoderm; and the medulla, which derives from the neuroectoderm. Adrenal cortical adenomas are characteristically small neoplasms composed of cells that have the appearance of zona glomerulosa and zona fasciculata of adrenal cortex. 5 Pheochromocytoma is defined as a paraganglioma of the adrenal medulla, which is composed of specialised neural crest cells.
6
CD44 expression was detected in the epithelium of murine adrenal cortex, 7 as well as in neural crest derivatives and neuroblastomas. 8 This study aimed at examining CD44 expression in diVerent layers of the cortical cortex, in adrenal medulla, and in adrenal tumours. Characterisation of diVerences in CD44 expression may help in the diagnosis and diVerentiation of distinct adrenal tumours.
Materials and methods
Twelve cases of adrenal cortical adenoma, 3 of adrenal cortical carcinoma, 10 of pheochromocytoma, and 4 normal adrenal glands were selected from the surgical pathology material in the department of pathology of the Sheba Medical Center. Clinical data was retrieved from the patients' files. Formalin fixed, paraffin wax embedded tissues were sectioned at 4 µm and placed on poly-1-lysine coated slides.
Immunohistochemical stainings were performed with labelled avidin biotin, using monoclonal anti-CD44 and polyclonal anti-CD44-V6. Staining was enhanced by microwave pretreatment. Staining presence, pattern (membranous, cytoplasmic), and intensity (0-3) in diVerent identified cell types were evaluated by three observers. Discrepancies among observers were resolved following discussion around a multiviewer microscope. All adenoma cases were searched for normal adrenal tissue, which was found in seven of 12 cases. Attention was paid to diVerent cell types in the adrenal cortex and medulla.
Results

EXPRESSION OF CD44-S AND CD44-V6 VARIANT PROTEIN IN NORMAL ADRENAL TISSUE
The cell distribution of CD44-S and CD44-V6 was assessed in immunohistochemical studies. Changes were observed in CD44-V6 expression between diVerent parts of the adrenal cortex. Cells of the zona glomerulosa had the most prominent cytoplasmic staining. The adrenal cortex showed weak cytoplasmic expression of CD44-S. In contrast to this restricted expression, the adrenal medulla showed strong membranous staining of CD44-S (fig 1) .
EXPRESSION OF CD44-S AND CD44-V6 VARIANT PROTEIN IN ADRENAL TUMOURS
Adrenal cortical adenomas had cytoplasmic expression of CD44-V6 and CD44-S. Two exceptions were found also to have CD44-S membranous staining (table 1) . Adrenal cortical carcinoma cells also had cytoplasmic expression of CD44-V6 and CD44-S, whereas only one of the three cases also showed membranous staining of CD44-S. CD44-V6 expression was demonstrated in the pheochromocytoma cells; however, in five of the 10 cases it was sparse, focal, and mainly perinuclear.
Compared with the adrenal cortical adenomas and cortical carcinomas that were examined, all pheochromocytoma cells showed strong membranous expression of CD44-S ( fig  2) . Of the 12 cortical adenoma patients, four were cortisol secretors, three aldosterone secretors, and the others non-secretors. The two exceptional cases with CD44-S membranous staining were not diVerent from the rest of the group (table 1) . The sole case of carcinoma with membranous staining for CD44-S was a cortisol and androgen secretor.
Discussion
CD44 is an integral membrane glycoprotein, functioning as a lymphocyte homing receptor. It has been found to be expressed in malignant tumours including colon, stomach, and breast carcinomas, as well as in many normal tissues. [2] [3] [4] Combaret et al detected strong CD44 expression in ganglioneuroblastomas, ganglioneuromas, and normal neuroblasts migrating in the fetal adrenal gland. 8 They also observed CD44 expression in Schwann and ganglion cells. 8 Occasionally, pheochromocytomas may be diYcult to distinguish from cortical adenomas, as pheochromocytoma and adrenal cortical adenoma may have similar histological appearances. 9 Adrenal cortical adenoma cells usually take the form of zona glomerulosa, zona fasciculata or both. Immunohistochemically, they show expression of low molecular weight keratin, rarely of vimentin, and various steroid hormones and enzymes. 10 Pheochromocytoma can be defined as a paraganglioma of the adrenal medulla and typically exhibits positivity for catecholamines, neuron specific enolase, chromogranins, synaptophysin, and opioid peptides. 11 Pheochromocytomas, especially those with lipid degeneration, may mimic adrenal cortical adenomas grossly and microscopically. 12 13 Similar intracytoplasmic hyaline globules can be detected in pheochromocytomas and in cortical neoplasms. 14 15 If the pheochromocytoma also happens to be an adrenocorticotrophin hormone secretor the distinction may become more diYcult. 9 In this study, cytoplasmic staining for CD44-V6 was detected in the adrenal cortex that diVered in intensity between diVerent zones of adrenal cortex. Adrenal cortical adenomas and carcinomas showed CD44-V6 and CD44-S cytoplasmic staining. Two exceptions of adrenal cortical adenoma and one of cortical carcinoma also showed CD44-S membranous staining. No clinical diVerences were observed between these cases and the rest of the group. Further investigation using larger numbers of cases of carcinoma is needed to establish the pattern of staining and to determine the correlation between CD44 expression and tumour progression in cortical carcinoma cells.
In this study, strong membranous CD44-S expression was detected on medulla cells of the normal adrenal. A strong membranous staining 
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was also shown by all 10 cases of pheochromocytoma. Hence, cytoplasmic staining of CD44-S favours the diagnosis of cortical adenoma, whereas positive membranous staining is characteristic of pheochromocytoma. Therefore, pheochromocytoma, which probably originates in the neural crest, maintains its CD44 expression. Moreover, strong membranous CD44 staining of pheochromocytoma may help distinguish this tumour from adrenal cortical adenomas.
